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ENHANCING BANDWIDTH OF ESD 
NETWORK USING TRANSFORMERS 

TECHNICAL FIELD 

This invention relates generally to integrated circuits, and 
more particularly to electrostatic discharging (ESD) circuits 
for protecting signal transmission networks, and even more 
particularly to improving the bandwidth of the ESD circuits. 

BACKGROUND 

In broadband networks, signals are transmitted between 
components in the networks, such as computer networks, 
communication networks, and the like. The components in a 
network may have exposed interfaces that subject the network 
to electrostatic discharging (ESD) currents, which are caused 
by the discharging of electrostatic charges. The ESD currents 
may reach very high levels in a very short period of time, and 
hence have the potential to destroy the components in the 
network. Accordingly, ESD protection circuits are designed 
to protect the components in the network from the ESD cur 
rents. 

FIG. 1 illustrates a conventional network formed on a 

printed circuit board (PCB). A transmitter, which is a semi 
conductor chip comprising integrated circuits, sends data to a 
receiver, which may be another semiconductor chip compris 
ing integrated circuits. The data are transmitted through a 
channel on the PCB. To protect the transmitter and the 
receiver, diodes D are formed in the semiconductor chips as 
ESD devices. If an ESD transient occurs, for example, on pins 
A or pins B of the semiconductor chips, diodes D may be 
activated to conduct the ESD currents, and hence terminating 
circuit TX and receiving circuit RX are protected. 

The circuit shown in FIG. 1 suffers from drawbacks. Since 
the package traces, the channels on a PCB and diodes D have 
parasitic capacitances. These parasitic capacitances form 
low-pass ?lters that limit the bandwidth of the network, par 
ticularly at high frequencies. Therefore, the frequency of the 
network as shown in FIG. 1 is limited to about 5 GHZ to about 
6 GHZ. However, modern data networks often require fre 
quencies up to 10 GHZ or even higher. The conventional 
network can thus no longer meet the bandwidth requirement 
of the modern data networks. 

To solve the above-discussed bandwidth limiting prob 
lems, a solution as shown in FIG. 2 was proposed. In this 
solution, two T-coils are used in the network to provide induc 
tance for compensating for the input impedance. FIG. 3 illus 
trates a T-coil, which is formed of coiled metal lines. The 
T-coil has terminals A, B, and X (hence the name T-coil), 
wherein terminal X is a central tap. Referring back to FIG. 2, 
inductors T1A and T1B belong to a ?rst T-coil, wherein points 
A1, B1 and X1 are the terminals of the ?rst T-coil. Inductors 
T2A and T2B belong to a second T-coil, wherein points A2, 
B2 and X2 are the terminals of the second T-coil. The induc 
tances of inductors T1A, T1B, T2A, and T2B compensate for 
the parasitic capacitance caused by the package/trace, the 
bond pads and ESD diodes D, and hence the bandwidth of the 
network is improved. 

The network shown in FIG. 2, however, also suffers from 
drawbacks. Current I shown in FIG. 2 illustrates a possible 
ESD current path. Since ESD currents need to ?ow through 
inductors T1A and T2A (which are portions of the T-coils), 
the T-coils need to be thick and wide enough so that the 
inductors with minimized resistances are not damaged by the 
ESD currents, which may be very high. As a result, the T-coils 
need to be formed in multiple metal layers or have great metal 
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2 
widths to satisfy the demanding resistance requirement. This 
requires the T-coils to occupy more chip area or to use lower 
metal layers. However, larger T-coils result in greater para 
sitic capacitances to be introduced, and hence the improve 
ment to the bandwidth is limited. Accordingly, a new ESD 
circuit with improved bandwidth and reduced chip area usage 
is needed. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, an 
integrated circuit device includes a ?rst pad and a second pad; 
electrostatic discharging (ESD) devices coupling the ?rst pad 
and the second pad to discharging paths; a transformer includ 
ing a ?rst end, a second end, a third end and a four end, 
wherein the ?rst end and the second end are coupled to the 
?rst pad and the second pad, respectively; and a transceiver 
circuit coupled to the ?rst end and the second end of the 
transformer. 

In accordance with another aspect of the present invention, 
an integrated circuit device includes a semiconductor chip, 
which further includes a ?rst bond pad and a second bond pad; 
and a transformer. The transformer includes a ?rst coiled 
metal line including a ?rst end and a second end; and a second 
coiled metal line including a third end and a fourth end, 
wherein the ?rst end and the third end are connected to the 
?rst bond pad and the second bond pad, respectively. The 
semiconductor chip further includes a ?rst ESD path coupled 
between the ?rst bond pad and a power or a ground (power/ 
ground); a second ESD path coupled between the second 
bond pad and the power/ ground; and a circuit including a ?rst 
terminal coupled to the ?rst bond pad; and a second terminal 
coupled to the second bond pad. 

In accordance with yet another aspect of the present inven 
tion, an integrated circuit device includes a ?rst semiconduc 
tor chip, a second semiconductor chip, and a mounting board, 
where the ?rst semiconductor chip and the second semicon 
ductor chip are mounted on, and interconnected through, the 
mounting board. The ?rst semiconductor chip includes a ?rst 
pair of bond pads; a ?rst transformer connected to the ?rst pair 
of bond pads; a ?rst pair of ESD devices coupling the ?rst pair 
of bond pads to a power/ ground; and a receiving circuit 
coupled to the ?rst pair of bond pads. The second semicon 
ductor chip includes a second pair of bond pads; a second 
transformer connected to the second pair of bond pads; a 
second pair of ESD devices coupling the second pair of bond 
pads to the power/ ground; and a transmitting circuit coupled 
to the second pair of bond pads. 
The advantageous features of the present invention include 

increased bandwidth, and reduced chip area usage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion, and the advantages thereof, reference is now made to the 
following descriptions taken in conjunction with the accom 
panying drawings, in which: 

FIG. 1 illustrates a conventional broadband data network 
formed on a printed circuit board; 

FIG. 2 illustrates another conventional broadband data net 
work incorporating T-coils; 

FIG. 3 illustrates a T-coil; 
FIG. 4 illustrates a transformer; 
FIG. 5 illustrates an embodiment of the present invention 

including transformers; 
FIG. 6 is an equivalent circuit of one of differential signal 

paths at the front end of a transceiver circuit; and 
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FIG. 7 illustrates the frequency response of the embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The making and using of the presently preferred embodi 
ments are discussed in detail below. It should be appreciated, 
however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of 
speci?c contexts. The speci?c embodiments discussed are 
merely illustrative of speci?c ways to make and use the inven 
tion, and do not limit the scope of the invention. 

FIG. 4 illustrates transformer TF used in the embodiments 
of the present invention. Transformer TF may be built inside 
a semiconductor chip (die), and is formed of coiled metal 
lines. The coiled metal lines may extend into two, three, or 
even more metallization layers. However, since transformer 
TF does not need to conduct ESD currents, it may be thin, and 
may be formed in lower metallization layers (of the residing 
semiconductor dies) other than the top two metallization lay 
ers (layers Mtop and Mtop-1). For example, transformer TF 
may be formed in any of the bottom metallization layer (M1) 
to layer Mtop-2, although it may also be formed in the top two 
metallization layers. 

Transformer TF has four terminals, namely X1A, X1B, 
X2A, and X2B. Terminals X1A and X2A are interconnected 
through metal lines and vias. Terminals X1B and X2B are 
interconnected through metal lines and vias. Accordingly, 
transformer TF is equivalent to two inductors, with one con 
nected between terminals X1A and X2A, and the other con 
nected between terminals X1B and X2B. 

FIG. 5 illustrates a data network incorporating the trans 
former TF as shown in FIG. 4. Transmitting component, 
which may be a semiconductor die (and hence referred to as 
transmitting die or transmitting chip hereinafter) comprising 
integrated circuits, transmits data. Receiving component, 
which may be another semiconductor die comprising inte 
grated circuits (and hence referred to as receiving die or 
receiving chip hereinafter), receives the data transmitted by 
the transmitting die. The data are transmitted through a chan 
nel, which may be inside (or on) a printed circuit board 
(PCB), or any other channel including transmission lines. 
Components Z0 represent the channel on the PCB boards. 
The transmitting die and the receiving die are packaged in 
packages A and B, respectively. The components marked as 
QFN represent the packages of the transmitting and receiving 
dies, which may be quad ?at no -lead (QFN) packages or other 
package types. 

Pads PA and Pads PB are the bond pads of the receiving die 
and the transmitting die, respectively. Each of pads PA is on 
one of the signal paths coupled to receiving circuit RX, 
wherein the signal paths may form a differential pair. Each of 
pads PB is on one of the signal paths coupled to transmitting 
circuit TX, wherein the signal paths may form a differential 
pair. ESD devices, such as ESD diodes D1, are formed in the 
receiving die, wherein ESD diodes D1 are coupled between 
pads PA and a discharging path. In the embodiment shown in 
FIG. 5, the discharging path is connected to the electrical 
power or ground (referred to as power/ ground hereinafter). 
ESD diodes D2 are formed between power line VDD and 
pads PA to conduct the ESD transient that may occur between 
power lineVDD and pads PA. ESD diodes D1 protect pads PA 
and conduct the ESD transient to VSS. 

Optionally, a second ESD protection circuit is formed 
between the ?rst ESD devices D1 and receiving circuit RX. In 
an exemplary embodiment, the second ESD protection circuit 
includes ESD diodes D3 and ESD diodes D4. 

Transformer TF is connected to the above-discussed ESD 
protection circuit. Transformer TF has two functions. First, it 
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4 
is used to match the impedance at bond pads PA to the input 
impedance of the receiving circuit RX. Second, it provides 
inductance for compensating for the parasitic capacitance of 
ESD diodes D1, D2 and D3, and package A, so that the 
bandwidth of the receiving component, including package A 
and the receiving die, can be improved. Terminals X1A and 
X1B of transformer TF are connected to pads PA, and termi 
nals X2A and X2B are connected to terminating resistors Rg, 
which may be further connected to the power/ ground. In an 
exemplary embodiment, terminating resistors Rg have resis 
tances of about 50 ohms. The equivalent inductors of trans 
former TF are shown as inductors LA and LB, wherein the 
equivalent inductor LA is the inductor between terminals 
X1A and X2A (also refer to FIG. 4), and the equivalent 
inductor LB is the inductor between terminals X1B and X2B 
(also refer to FIG. 4). In an exemplary embodiment, the 
inductances of inductors LA and LB are about 0.8 nH to about 
1 .5 nH. However, the actual preferable inductance depends on 
the parasitic capacitances and package types that the induc 
tors LA and LB need to compensate for. 

FIG. 6 illustrates an equivalent circuit diagram of the por 
tion of the circuit marked as circuit CR in FIG. 5, wherein the 
equivalent circuit diagram only shows one of the differential 
signal paths. Inductor L1 represents the inductance of bond 
wire/trace of package A, in which the receiving die is pack 
aged. Capacitor C1 represents the capacitance of the bond 
pads PA, and diodes D1 and D2. Capacitor C2 represents the 
capacitance of diodes D3 and the equivalent capacitance of 
the receiving circuit RX observed at the input terminals (inter 
faces) of circuit RX. Resistance R2 represents the resistances 
of ESD diodes D3 and ESD resistors Rs. Capacitor Cgse is the 
equivalent capacitance including all the capacitors of C1 and 
C2. Inductor L2 represents the inductance of inductor LA or 
LB. 
The cutoff frequency (nc of the above illustrated circuit 

diagram may be expressed as: 

Using the equivalent circuit diagram as shown in FIG. 6 
and equation 1, FIG. 7 is generated to illustrate normalized 
input impedance Zin/Rg as a function of normalized fre 
quency (w/uuc), wherein the input impedance Zin is the 
impedance measured at the terminals PA in FIG. 5. FIG. 7 
illustrates that the frequency response of circuit CR is 
affected by k values, wherein the k value is equal to sqrt(L2/ 
L1). FIG. 7 reveals that by adjusting the values of k, the 
frequency response may be changed to desirable patterns. 
Since the package inductance L1 is mainly affected by the 
packaging structure, it is relatively stable. The k values may 
thus be adjusted easily by adjusting inductance L2, which is 
the inductance of transformer TF. Therefore, the embodiment 
shown in FIG. 5 may be easily designed to achieve the desir 
able frequency response. 
The transformer TF as discussed in the preceding para 

graphs may also be formed in the transmitting die. Referring 
back to FIG. 5, transformer TF' is formed between terminat 
ing resistors Rg' and bond pads PB of the transmitting die, 
wherein the transformer TF' may have essentially the same 
structure as shown in FIG. 4. Similar to the receiving side, the 
transformer TF' is used not only for impedance matching 
purpose, but also for compensating for the parasitic capaci 
tance of ESD diodes D1', D2' and package B, so that the 
bandwidth on the transmitting side is also improved. ESD 
diodes D1' and D2' are connected to bond pads PB for con 
ducting any ESD currents that may occur on pads PB. There 
fore, transformers may be forrned on both the front ends (the 
receiving end of the receiver and the transmitting end of the 
transmitter) of transceivers (transmitters and receivers). 

It is appreciated that although in the embodiments dis 
cussed in the preceding paragraphs, transformers are formed 
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at the front ends of transceivers in broadband networks, they 
may also be used in other dies. Accordingly, the circuit RX as 
shown in FIG. 5 may be any other type of circuit. 
The embodiments of the present invention have several 

advantageous features. First, the transformers provide addi 
tional inductance for compensating for the parasitic capaci 
tance in the front end of the transceivers, and hence the 
bandwidths of the ESD protection circuits formed at the front 
ends of the transceivers are improved. Second, referring to 
FIG. 5, if an ESD transient occurs at pads PA, the respective 
ESD current may ?ow directly to the ground through ESD 
diodes D1 without ?owing through transformer TF. There 
fore, transformer TF may be formed of thin metal lines or 
narrow traces, and hence may use less chip area. Third, com 
pared to conventional ESD circuits using two T-coils, the 
embodiments of the present invention only require one trans 
former for each pair of differential signal paths. Therefore, 
the required chip area for the transformer is at most one-half 
of the required chip area for two T-coils. Further, in the 
transmitting die or the receiving die, the transformer may be 
formed directly underlying pads PA or PB to further reduce 
the usage of chip area. 

Although the present invention and its advantages have 
been described in detail, it should be understood that various 
changes, substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention as 
de?ned by the appended claims. Moreover, the scope of the 
present application is not intended to be limited to the par 
ticular embodiments of the process, machine, manufacture, 
and composition of matter, means, methods and steps 
described in the speci?cation. As one of ordinary skill in the 
art will readily appreciate from the disclosure of the present 
invention, processes, machines, manufacture, compositions 
of matter, means, methods, or steps, presently existing or later 
to be developed, that perform substantially the same function 
or achieve substantially the same result as the corresponding 
embodiments described herein may be utilized according to 
the present invention. Accordingly, the appended claims are 
intended to include within their scope such processes, 
machines, manufacture, compositions of matter, means, 
methods, or steps. 

What is claimed is: 
1. An integrated circuit device comprising: 
a ?rst pad and a second pad; 
electrostatic discharging (ESD) devices coupling the ?rst 
pad and the second pad to a discharging path; 

a transformer comprising a ?rst end, a second end, a third 
end and a fourth end, wherein the ?rst end and the 
second end are coupled to the ?rst pad and the second 
pad, respectively, and wherein the ?rst end and the sec 
ond end are connected to the third end and the fourth 
end, respectively, through coiled metal connections; and 

a transceiver circuit coupled to the ?rst end and the second 
end of the transformer. 

2. An integrated circuit comprising: 
a ?rst pad and a second pad; 
electrostatic discharging (ESD) devices coupling the ?rst 
pad and the second pad to a discharging path; 

a transformer comprising a ?rst end, a second end, a third 
end and a fourth end, wherein the ?rst end and the 
second end are coupled to the ?rst pad and the second 
pad, respectively; 

a transceiver circuit coupled to the ?rst end and the second 
end of the transformer; and 

additional ESD devices coupled between the transformer 
and the transceiver circuit, wherein the additional ESD 
devices couple inputs of the transceiver circuit to the 
discharging path. 
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6 
3. The integrated circuit device of claim 2, wherein the ?rst 

terminating resistor and the second terminating resistor are 
connected to a ground. 

4. The integrated circuit device of claim 2, wherein the 
ESD devices, the transformer, and the transceiver circuit are 
in a ?rst semiconductor chip, and wherein the ?rst pad and the 
second pad are bond pads of the ?rst semiconductor chip. 

5. The integrated circuit device of claim 4, wherein the ?rst 
end and the second end of the transformer are directly con 
nected to the ?rst pad and the second pad, respectively. 

6. The integrated circuit device of claim 2 further compris 
ing: 

a second semiconductor chip comprising: 
a third pad and a fourth pad; 
additional electrostatic discharging (ESD) devices 

coupled to the third pad and the fourth pad; 
an additional transformer coupled to the third pad and 

the fourth pad; and 
an additional transceiver circuit coupled to the addi 

tional transformer, wherein the transceiver circuit is a 
receiving circuit, and the additional transceiver circuit 
is a transmitting circuit; and 

a transmission channel coupling the ?rst pad and the sec 
ond pad to the third pad and the fourth pad. 

7. The integrated circuit device of claim 2, wherein the 
transceiver circuit is a receiving circuit. 

8. The integrated circuit device of claim 2, wherein the 
transceiver circuit is a transmitting circuit. 

9. The integrated circuit device of claim 1 further compris 
ing: 

a ?rst terminating resistor; and 
a second terminating resistor, wherein the third end and the 

fourth end of the transformer are coupled to the ?rst 
terminating resistor and the second terminating resistor, 
respectively. 

10. The integrated circuit device of claim 2, wherein the 
transformer comprises a ?rst coiled metal line and a second 
coiled metal line, and wherein the ?rst coiled metal line 
comprises the ?rst end, and the second coiled metal line 
comprises the second end. 

11. An integrated circuit device comprising: 
a semiconductor chip comprising: 

a ?rst bond pad and a second bond pad; 
a transformer comprising: 

a ?rst coiled metal line comprising a ?rst end and a 
second end; and 

a second coiled metal line comprising a third end and 
a fourth end, wherein the ?rst end and the third end 
are connected to the ?rst bond pad and the second 
bond pad, respectively; 

a ?rst electrostatic discharging (ESD) device coupled 
between the ?rst bond pad and a discharging path 
selected from a power and a ground; 

a second ESD device coupled between the second bond 
pad and the discharging path; and 

a circuit comprising: 
a ?rst terminal coupled to the ?rst bond pad; and 
a second terminal coupled to the second bond pad. 

12. The integrated circuit device of claim 11, wherein the 
?rst ESD device and the second ESD device are directly 
connected to the ?rst bond pad and the second bond pad, 
respectively. 

13. The integrated circuit device of claim 11 further com 
prising: 

a third ESD device coupled between the ?rst bond pad and 
a power line; and 
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a fourth ESD device coupled between the second bond pad 
and the power line. 

14. The integrated circuit device of claim 11, wherein the 
circuit is a transceiver circuit selected from the group consist 
ing essentially of a transmitting circuit and a receiving circuit. 

15. The integrated circuit device of claim 11 further com 
prising: 

a ?rst terminating resistor having a ?rst end connected to 
the second end of the transformer, and a second end 
connected to the discharging path; and 

a second terminating resistor having a ?rst end connected 
to the fourth end of the transformer, and a second end 
connected to the ground. 

16. An integrated circuit device comprising: 
a ?rst semiconductor chip comprising: 

a ?rst pair of bond pads; 
a ?rst transformer connected to the ?rst pair of bond 

pads; 
a ?rst pair of electrostatic discharging (ESD) devices 

coupling the ?rst pair of bond pads to a ground; 
a receiving circuit coupled to the ?rst pair of bond pads; 
a ?rst terminating resistor connected to the ground; and 
a second terminating resistor connected to the ground, 

wherein the ?rst transformer comprises a ?rst pair of 
ends directly connected to the ?rst pair of bond pads, 
and a second pair of ends connected to the ?rst termi 
nator resistor and the second terminating resistor; 

a second semiconductor chip comprising: 
a second pair of bond pads; 
a second transformer connected to the second pair of 
bond pads; 
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a second pair of ESD devices coupling the second pair of 
bond pads to the ground; and 

a transmitting circuit coupled to the second pair of bond 
pads; and 

a mounting board, where the ?rst semiconductor chip and 
the second semiconductor chip are mounted on, and 
interconnected through, the mounting board. 

17. The integrated circuit device of claim 16, wherein the 
second semiconductor chip further comprises: 

a ?rst terminating resistor connected to the ground; and 
a second terminating resistor connected to the ground, 

wherein the second transformer comprises a third pair of 
ends directly connected to the second pair of bond pads, 
and a fourth pair of ends connected to the ?rst terminat 
ing resistor and the second terminating resistor. 

18. The integrated circuit device of claim 16, wherein the 
?rst transformer has only two ends connected between the 
?rst pair of bond pads and the receiving circuit, and wherein 
the second transformer has only two ends connected between 
the second pair of bond pads and the transmitting circuit. 

19. The integrated circuit device of claim 1, wherein the 
?rst end and the third end are directly connected through 
metal lines, and the second end and the fourth end are directly 
connected through metal lines. 

20. The integrated circuit device of claim 1, wherein the 
third end and the fourth end are not electrically coupled. 
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In Col. 6, line 41, claim 11, delete “11.” and insert --13.--. 
In Col. 6, line 60, claim 12, delete “12.” and insert --14.--, delete “claim 11” and insert --claim 13--. 
In Col. 6, line 64, claim 13, delete “13.” and insert --15.--, delete “claim 11” and insert --claim 13--. 
In Col. 7, line 3, claim 14, delete “14.” and insert --16.--, delete “claim 11” and insert --claim 13--. 
In Col. 7, line 6, claim 15, delete “15.” and insert --17.--, delete “claim 11” and insert --claim 13--. 
In Col. 7, line 14, claim 16, delete “16.” and insert --18.--. 
In Col. 7, line 25 & 26, claim 16, delete “termi-nator” and insert --terminating--. 
In Col. 8, line 8, claim 17, delete “17 and insert --19.--, delete “claim 16” and insert --claim 18--. 
In Col. 8, line 17, claim 18, delete “18.” and insert --21.--, delete “claim 16” and insert --claim 18--. 
In Col. 8, line 22, claim 19, delete “19.” and insert --2.--. 
In Col. 8, line 26, claim 20, delete “20.” and insert --3.--. 
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